The present study reports the results of gas chromatography-mass spectrometry (GC/MS) analyses of the essential oil from flowering aerial parts of Cotinus coggygria Scoop. (Anacardiaceae), as well as its in vitro antifungal activity against nine plant pathogenic fungi. Moreover, the essential oil was evaluated for its antifungal activity using the agar dilution method, and also MIC s (minimum inhibitory concentrations) and MFC s (minimum fungicidal concentrations) were determined. The major compounds identified by GC-MS were limonene (49.2%), (Z)-β-ocimene (13.6%), α-pinene (8.8%) and (E)-β-ocimene (5.9%). The oil showed in vitro antifungal activity against some species of the Fusarium genus, Botrytis cinerea, and Alternaria solani. Our study indicates that the oil of C. coggygria could be used as a control agent for plant pathogenic fungi in natural formulations.
Cotinus coggygria Scoop. (syn.: Rhus cotinus L.), Anacardiaceae, is a deciduous, polygamous shrub or little tree up to 1-5 m tall, growing mainly in south and central Europe, south Russia, Crimea, Caucasia and Turkey, marked by a strong resinous odor. It grows in various types of thickets, as limestone rocks and rendzinas, in dry and stony places [1] . It is known in Italy by three vernacular names: Scòtano, Còtino and Capecchio [2] . The heartwood of the plant is gold-like and shining, and contains a yellow pigment that has been used as a dye for textiles and leathers [3] . In the folk medicine of various countries, the flowering aerial parts are used as antiseptic, anti-inflammatory, antimicrobial, anti-hemorrhagic, wound-healing and to treat diarrhea and the essential oil with a characteristic terpene-like aroma of C. coggygria is industrially produced from the leaves and young branches for use in perfumery, particularly in Bulgaria [4] . Extracts of C. coggygria grown in USA showed in vitro antioxidant activity [5] and also for the essential oil, the antioxidant activity has been demonstrated [6] . Previous studies of C. coggygria essential oil have focused on plants from Greece, Bulgaria, Turkey, Hungary, and Serbia [3, 4, [7] [8] [9] but, to the best of our knowledge, only one work focused on plants of Italian origin [10] . In the present study we describe the composition and antifungal activity against some plant pathogenic fungi of C. coggygria essential oil extracted from plants of central Italy. Indeed fungi have long been recognized as causal agent of plant diseases and chemical fungicide are dangerous for exposure risks , health and environmental hazards, residue persistence and development of tolerance [11] . Recently, there is interest in the development of antifungal agents derived from plant essential oils and extracts to control plant pathogens in agriculture, thus essential oils are promising natural antifungal agents with potential applications in agro-industries to control plant pathogenic fungi that cause severe damage in crops [12] .
The components of the essential oil of the flowering aerial parts of C. coggygria are reported in Table 1 . Twenty compounds were identified, accounting for 98.8% of the whole volatiles. Limonene (49.2%), (Z)-β-ocimene (13.6%), α-pinene (8.8%) and (E)-β-ocimene (5.9%) were found as the most abundant components. The composition of this essential oil matches that reported in our previous work [10] . RRI, relative retention indices were calculated against n-alkanes t=concentration less than 0.1%. The in vitro antifungal activity of the essential oil of C. coggygria shows that employed Fusarium species are totally inhibited (fungistatic effect) at 400 ppm while B. cinerea and A. solani are totally inhibited (fungistatic effect) at 800 ppm (Table 2) . Results obtained from the agar dilution method, followed by the measurements of MIC, indicate that ( Limonene (49.2%) was the most abundant compound in our essential oil; this monoterpene hydrocarbon is responsible for several biological activities such as spasmolytic, anti-inflammatory, antinociceptive and anticancer activities [13] [14] [15] . Recently it was demonstrated that this compound plays a key role in the activity against some phytopathogenic fungi as Rhizoctonia solani, Botrytis cinerea, Fusarium solani, Colletotrichum capsici and Phytophthora capsici [12] . Also the presence of constituents such as α-pinene and β-pinene may account for the observed antifungal activity of our essential oil of C. coggygria. Indeed these two compounds possess generally strong antifungal activity [16, 17] , also against phytopathogenic fungi [12] . Also β-caryophyllene and caryophyllene oxide, however present in small amounts in our oil, were very fungitoxic against Fusarium species [18] .
Finally, the presence in our oil of the aldehyde (E)-2-hexenal may help to explain its good antifungal activity against the microorganisms tested, considering that it has been reported that (E)-2-hexenal, even at low concentrations, inhibits the growth of Fusarium oxysporum and other fungi [19] .
Our study indicates that C. coggygria oil may be used as control agent for phytopathogenic fungi in in vitro experiments. However, for the practical application of this oil further studies are needed with the aim to develop formulations to improve its effectiveness and stability. Extraction and analysis of the essential oil: Dried flowering aerial parts oil of C. coggygria were hydrodistilled using a Clevenger-type apparatus for 3 h. The essential oil was separated and dried over anhydrous sodium sulfate, stored in hermetically sealed glass vials and kept at 4°C until analysis and biological tests. The oil yield was 1.41 % (v/w).
Oil was analyzed by GC and GC/MS. Analyses were performed on a Hewlett-Packard splitless gas-chromatograph, model 5890 equipped with a FID detector and coupled to an electronic integrator. The chromatograph was fitted with an HP-5MS column (30 m x 0.25 mm x 0.25 μm film thickness). The carrier gas was helium (1 mL min -1 ) measured at 210°C, and the injector (split/splitless) and detector (FID) temperatures were 250°C and 300°C, respectively. Quantitative data were obtained by electronic integration of FID area data without the use of response factor correction. GC/MS analysis were performed using an Agilent 6890 gas chromatograph (Agilent, USA) coupled with an Agilent 5973 Network mass selective detector (MSD), operating in the positive ion electron impact (EI) mode. The HP-5MS fused silica capillary column, (30 m x 0.25 mm i.d., 0.25 μm film thickness), was used. The GC oven temperature was programmed from 60 to 285°C at a rate of 4.3°C min -1 , Helium was used as the carrier gas, the inlet pressure was 25 kPa, the linear velocity was 1 mL min -1 at 210°C. The temperature of injector was 250°C, and the splitless was injection mode. The source temperature, 200°C; interface temperature, 250°C; E energy, 70 eV; mass scan range, 40-350 amu (atomic mass units) were the MS scan conditions. Component identification was carried out by comparison of calculated retention indices with those reported in the literature [20] .
Microbial strains:
The essential oil of C. coggygria was tested against nine phytopathogenic fungi: Fusarium oxysporum Schl., Fusarium culmorum (Wm. G. Sm.) Sacc., Fusarium solani (Mart.) Sacc., Fusarium coeruleum Lib. ex Sacc., Fusarium sporotrichioides Sherb., Fusarium tabacinum (J.F.H. Beyma) W. Gams, Fusarium verticillioides (Sacc.) Nirenberg which are very important plant pathogens that can induce necroses or wilts in crops of economic importance [21] , Botrytis cinerea Pers that causes grey mold rot and Alternaria solani Ell. et Mart. that produces a disease in tomato and potato plants called early blight [22] . Fungal strains were kindly supplied by DI.PRO.VAL (Faculty of Agriculture) of University of Bologna, Italy.
Antimicrobial screening: Activity against phytopathogenic fungi was assayed by an agar dilution method in the appropriate culture media (PDA, Difco). The oil was dissolved in 5% absolute ethyl alcohol and 5% tween 20 (Fluka) and added to the culture medium at a temperature of 40-45°C, then poured into Petri dishes (Ø 9 cm) [23] . Concentrations of 200, 400, 800 and 1600 ppm were tested. Fungi were inoculated as soon as the medium solidified. A disc (Ø 0.5 cm) of mycelial material, taken from the edge of 7-day-old fungal cultures, was placed at the center of each Petri dish. Controls consisted of 200, 400, 800 and 1600 ppm of 5% ethyl alcohol + 5% Tween 20 in sterile distilled water (in place of the oil), mixed with PDA. The Petri dishes with the inoculum were placed in the dark under controlled temperature conditions of 22±1°C. The efficacy of treatment was evaluated after 7 days by measuring the diameter of the fungal colonies when all the free surface of the medium in the control Petri dishes had been covered. The values were expressed in terms of percentage of inhibition of growth compared to control = 100 [24] . The fungicidal activity of the oils was determined using the technique of Thompson [25] and Carta and Arras [26] : the mycelial disks were transferred from Petri dishes in which no growth was observed (total inhibition = 100) onto fresh plates of PDA, in order to verify, after 7 days, the fungistatic or fungicidal activity of such inhibition. All experiments were carried out in triplicate.
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Determination of minimum inhibitory concentrations (MIC S ):
The MIC values (μg/mL) were determined by the dilution method in solid medium [21, 22] . Dilutions of the emulsions of oil were made in the culture medium over the concentration range of 200 ppm (200 μg/mL) and 400 ppm (400 μg/mL) for all species of Fusarium tested, and of 400 and 800 ppm for B. cinerea and for A. solani with steps of 50 ppm. MICs were determined as the minimum tested concentration with no visible growth. All experiments were performed in triplicate and if the MIC results were different only the higher value obtained was noted.
Determinations of minimum fungicidal concentrations (MFC s ):
MFCs were obtained using a membrane filtration method [27] and were calculated from 400 to 800 ppm for all species of Fusarium tested, and from 800 to 1600 ppm for B. cinerea and for A. solani with steps of 100 ppm. After homogenization, each fungal inoculum (1 mL) (108 spores/mL) was added to 10 mL of oil emulsion, the mixture was kept at room temperature for a contact time of 15 min. After the contact time, 1mL of the mixture was transferred into a sterile filtration apparatus (Millipore Swinnex-25) washed twice with 100 mL of the neutralizing solution consisting of distilled water containing 10% Tween 20 sterilized at 120°C for 20 min, filtered and rinsed with sterile distilled water. The membranes were separately laid out on the middle of the Petri dishes containing the corresponding agar medium (PDA). After incubation the colonies were counted on the membranes. Previously, we checked that the mixture 5% ethanol + 5% Tween 20 did not inhibit the germination of spores. MFCs were calculated as the lowest concentrations of oil which inhibited the recovery of fungus. All experiments were performed in triplicate, if the MFC results were different only the higher value obtained was noted. In order to obtain the development of conidia, 7-day-old mycelia were exposed for 10 days to 12 h of (near ultraviolet) NUV light and 12 h dark. Nystatin dihydrate (Fluka) was used as positive control [28] .
Statistical analysis: Analysis of variance was performed by oneway ANOVA following by Tukey's post-hoc test. Statistical differences at P < 0.05 were considered to be significant. Statistical software MSTAT-S was employed. [29] .
